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SUPPLEMENTAL TABLE 1 
 Crystallographic data and model refinement statistics 
Dataset Native Iodide  
Data collection SSRL BL12-2 Micromax-007 HF 
  Wavelength (Å) 1.0000 1.5418 
  Resolution range (Å) 28.08-1.23 (1.26-1.23)a 26.52-1.60 (1.69-1.60) 
  Space Group P 21 P 2 21 2 
  Cell Parameters 
        a, b, c (Å)  25.02, 46.34, 28.27 25.10, 26.52, 46.17 
      α, β, γ (°) 90.00, 96.90, 90.00 90.00, 90.00, 90.00 
  Unique reflections 18288 4395 
  Completeness (%) 97.9(94.6) 99.6(97.5) 
  Redundancy 4.2(3.9) 12.2(11.2) 
  Rmergeb 0.058(0.609) 0.088(0.605) 
  Mean I/σ(I) 11.6(2.1) 19.5(3.9) 
Refinement   
  Reflections: work/freec 17185/1089  
  Rwork/Rfreed 0.177/0.204  
  Number of atoms   
     Protein 714  
     Water 86  
     Phosphate 5  
Average B-factors (Å2)  
     Protein 13.6  
     Water 24.8  
     Phosphate 33.9  
   R.M.S.D   
     Bond lengths  (Å) 0.010  
     Bond angles (°) 1.082  
 Ramachandran favorede 100%  
aValues in parentheses are for the highest resolution shell 
b Rmerge = Σhkl Σi |Ii(hkl) − 〈I(hkl)〉|/ Σhkl ΣiIi(hkl), where Ii(hkl) is the ith 
observation of reflection hkl and 〈I(hkl)〉 is the weighted average intensity for 
all observations i of reflection hkl. 
cThe free set represents a random 6% of reflections not included in refinement 
dR = Σhkl(||Fobs|-|Fcalc||)/Σhkl|Fobs|, where |Fobs| and |Fcalc| are the observed and 
calculated structure factor amplitudes, respectively. 
ePercentage of residues in Ramachandran plot regions were determined using 
PROCHECK (1). 
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SUPPLEMENTAL TABLE 2 
  NMR structural constraints and structure statistics 
Statistics are given for the 10 lowest energy structures out of 100 
calculated and refined in explicit water.  
  Get5-Ca AfGet5-Ca 
No. of restraints   
  NOE-based distance restraintsb   
     Intra-residue (|i – j| = 0) 644 598 
     Sequential (|i – j| = 1) 396 334 
     Medium range (2 ≤ |i – j| < 5) 562 454 
     Long range (|i – j| ≥ 5) 178 158 
     Inter-molecular 276 140 
     Ambiguous 824 460 
    Total 2880 2144 
  Dihedral angle restraints (φ/ψ) 132 (66/66) 152 (76/76) 
  Hydrogen bond restraints 96 96 
  Residual dipolar coupling restraints 64 70 
Restraints statistics   
  r.m.s.d. of distance violations   
     NOE restraints 0.11 ± 0.02 Å 0.07 ± 0.01 Å 
     H-bond restraints 0.009 ± 0.001Å 0.009 ± 0.002 Å 
  r.m.s.d. of dihedral violations 1.18 ± 0.06° 0.61 ± 0.05° 
  RDC Q-factors 0.0715 ± 0.004 0.05 ± 0.02 
Coordinate precision r.m.s.d.   
  Backbone 0.24 ± 0.06 Å 0.37 ± 0.07 Å 
  Heavy atom 0.60 ± 0.06 Å 0.69 ± 0.04 Å 
Structural quality   
  Ramachandran statisticsc   
     Most favored regions 84.70% 93.90% 
     Allowed regions 9.30% 4.64% 
     Generously allowed regions 6.00% 0.96% 
     Disallowed regions 0.00% 0.48% 
  WHAT-IF Z-scored   
     Backbone conformation 0.775 ± 0.250 0.537 ± 0.580 
     2nd generation packing quality 7.644 ± 2.380 6.273 ± 2.062 
     Ramachandran plot appearance −2.170 ± 0.359 −0.388 ± 0.339 
     χ1/χ2 rotamer normality 0.514 ± 0.488 −1.883 ± 0.528 
aStatistics are reported for dimers of Get5-C residues 173-212 and AfGet5-
C residues 186-230. 
bA single NOE generates two restraints for atom pairs from each monomer. 
bPercentage of residues in Ramachandran plot regions were determined 
using PROCHECK (1). 
cZ-scores were calculated by WHAT-IF (2). 
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S. cer   ------------PTISKEPEAEKSTNSPAP-----APPQELT-------------VPWDDIEALLKNNFENDQAAVRQVMERLQKGWSLAK   212
A. gos   ------------PHRENAPAAAAAPPRPESDGLDVAAVPTLD-------------VPWDRISSTLEDALG-DRGVAAATLTRLQRGWDLAG   203
D. han   ------------PTDDKIDEVT--PSSVKSDTLIVSEST------------------WSKIYGVLIEDLG-SEESANQALTKLKSGFN---   216
K. lac   ------------PAQEPEPELELMDVDMEDPQLDLSSQTDID-------------LPWDKIRTVLESSL--DASTASVALGRLQKGWELSK   211
A. fum   AQVAVS------AGAGERASAEQKESY-------EPPKPAVG-PSGES--VVATEAFWDDLQGFLEQRLK-DYDEANKLRVLFKEAWRSSF-  230
S. scl   -----------------AA---SVRKIETPEKGAEAPV-AQG-PSGLE--SLAGEEFWGDLQGFLVQRLR-DEEQGNRVFEVFKKAWEDSSK  206
P. tri   HGCPPA---VAPPTESEKGLASAGETIAGTASGTAG----SGAESGKD--IVATDEFWGDLKAFMLQRIK-DAEEGERLVGVFKEAWQQNK-  231    
A. oli   YTVPTAGSSSSTPLPDTAAVAEAVEKVETAEEAVKMDV-DNE--VGDVVKVLEGDEFWTDLEVFLRQKVG-KEEVAKEVSGIFRQAWGNRSR  229
H. sap   ----------E-KVLLEEGEAQRLADSPPP-------------------------QVWQLISKVLARHFS--AADASRVLEQLQRDYERSLSRLTLDDIERLASRFLHPEVTETMEKGFSK  157
D. rer   ----------GERSSGAVGTSSANNDKGGS-------------------------GVWQLLSTVLAKHFS--PADAAKVQEQLIKDYERSLRQLSLDDIERLASRLLHPE-TEVMDTSYMD  157
X. lae   -------------VAP-------EGHSGNN-------------------------TAWKSLSVILRKHFS--PADAERVLEYVQKDYERSLSLLSLDDIERLATRILHPQYSEAADLGFLD  148
A. car   ----------E-KASPEES-SRRAGFPQNP-------------------------AIWHAVAQVLGRHFS--GADAEKVLEQLQKDYERSLRLLSLDDIERLATRLLHPEVAEAVEMGFLD  156
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FIGURE S1. Conservation of the dimerization motif within Get5. The sequences shown are from the 
end of the ubiquitin-like domain to the carboxyl terminus of each homolog. Secondary structures of S. 
cerevisiae Get5 and the A. fumigatus homolog are shown as red helices above their respective sequences. 
Secondary structure for H. sapiens Ubl4A is predicted using JPRED-3 (1) and is shown as blue helices 
above the sequence. Residue numbers above the sequences are from S. cerevisiae, A. fumigatus or H. 
sapiens. Conserved or identical residues within each subphylum are highlighted in yellow or green, respec-
tively. Residues that are conserved across all sequences are highlighted in blue.  Sequences are: S. cer, 
Saccharomyces cerevisiae; A. gos, Ashbya gossypii; D. han, Debaryomyces hansenii; K. lac, Kluyveromy-
ces lactis; A. fum, Aspergillus fumigatus; S. scl, Sclerotinia sclerotiorum; P. tri, Pyrenophora triticirepentis; 
A. oli, Arthrobotrys oligospora; H. sap, Homo sapiens; D. rer, Danio rerio; X. lae, Xenopus laevis; A. car, 
Anolis carolinensis.
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FIGURE S2. Solution NMR analysis of Get5-C. 15N R1 and R2 relaxation rates, {1H}-15N heteronu-
clear NOE, random coil index (2) and secondary structure probability determined from main-chain chemi-
cal shifts using TALOS+ (3) plotted against amino acid sequence for Get5-C (A) or AfGet5-C (B).  The 
greater R1 and lower R2 values of residues 152-175 of Get5-C mean this region is tumbling more rapidly 
than 176-212. Negative {1H}-15N heteronuclear NOE values for residues 152-175 indicate rapid 
(picosecond to nanosecond) motions.
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FIGURE S3. Comparison of solution and crystal structures 
of Get5-C A. Left, the ensemble of the 10 lowest energy 
solution structures of the ordered region of Get5-C. Right, the 
crystal structure of Get5-C. Middle, overlay of solution 
(magenta) and crystal (cyan) structures. B. The arrangement of 
Val-177, Trp-179, Trp-208 and Arg-203 in the solution (left) and 
crystal (right) structures. For the solution structure a representa-
tive model is displayed. C. The loop connecting H1 and H2 in 
the solution (left) and crystal (right) structures. Two crystallo-
graphic copies of the Get5 dimer are colored brown and light 
green. D. The amino terminus of the Get5-C crystal structure 
with two crystallographic copies of the dimer colored orange 
and yellow. Val-173 and Asp-174, underlined, are cloning 
artifacts and are Gln-173 and Glu-174 in the wild-type protein. 
S5
-10 
-5 
0 
5 
10 
15 
20 
25 
200 210 220 230 240 250 
-10 
-5 
0 
5 
10 
15 
20 
25 
200 210 220 230 240 250 
Wavelength (nm) Wavelength (nm)
Θ
, o
bs
er
ve
d 
(m
de
g)
Θ
, o
bs
er
ve
d 
(m
de
g)
A B
Get5-C AfGet5-C
FIGURE S4. Refolding of Get5-C and AfGet5-C. A and B. Circular dichroism spectra recorded at 25°C 
before (solid, black) and after (dashed, red) complete denaturation at 99°C for Get5-C (A) and AfGet5-C 
(B). In both proteins, the spectra are nearly completely overlapping indicating complete refolding. 
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FIGURE S5. Ubl4A can form heterodimers. A. Size exclusion chromatography of Ubl4A (black), Get5-
Ubl (red) and Get5-Ubl-C (blue) using a Superdex 200 10/300 column. Absorbances are normalized against 
peak values. Cartoons of each construct are shown as in Fig. 1A. B. Polyhistidine tagged Ubl4A incubated 
with either AfGet5-Ubl-C or Get5-Ubl-C for the indicated time, precipitated with Ni-NTA agarose beads, 
eluted and separated by SDS-PAGE. 
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